The intensive use of chain saws is associated with development of the hand-arm vibration syndrome (vibration white finger). Objective testing for cold induced vasospasm was carried out on the fingers of 12 chain saw operators and 12 matched control men from a similar working environment. Two of the chain saw operators tested positive for vasospasm in the laboratory and another three had an abnormal result. AUl of the control subjects tested negative. Measurements of finger blood flow at different temperatures and during vibration of the hand were similar in the chain saw operators and controls. Use ofthe chain saw did not cause significant alterations in the plasma concentrations of von Willebrand factor antigen in either the long or the short term.
Chain saw operators were first reported in 1964 to be at risk of developing the hand-arm vibration syndrome.' Despite improvements in the 1970s designed to dampen vibration and heat the handles of the saws, new cases continued to appear.2' This may be because isolation of the vibration actually increased the amount of low frequency vibration transmitted to the operator's hands or because the effectiveness of antivibration mountings may decrease with wear and tear to the saw. 4 In Northern Ireland, recent questionnaire surveys by occupational health personnel showed that a considerable proportion of chain saw operators in the forest service were experiencing symptoms suggestive of the hand-arm vibration syndrome. Currently about 80 men are employed as full time chain saw operators (harvesters). They are divided into nine harvesting squads located throughout the province and are supplied with antivibration saws (Husqvarna models 254/G, 262/G, 266XP/XPG). The acceleration levels on the handles are 5-6 ms-2. The present study was designed to identify cases of the hand-arm vibration syndrome in a small sample of harvesters by objective testing for cold induced vasospasm. '6 Vibration has been shown to reduce finger blood flow in healthy subjects.7 Some workers have found the reduction to be greater in men with the hand-arm vibration syndrome8 than in healthy controls but others have not. 9 The finger blood flow responses to vibration of the harvesters and healthy control subjects were also examined in the present study.
Raised concentrations of von Willebrand factor antigen (vWFAg), which is released from endothelial cells, have been reported in patients with the hand-arm vibration syndrome'0 and so the plasma concentrations of this marker of endothelial damage were also measured.
Subjects and methods

SUBJECTS
All measurements were started early in the morning to ensure that the harvesters had not used a chain saw for at least 16 hours before testing. All smokers refrained from smoking for at least one hour before any measurements were made. Subjects wore light indoor clothing and lay with the arms supported at heart level throughout.
Measurements were made on the corresponding fingers of 12 harvesters, and 12 volunteers from either the watercourse management or forestry maintenance workforce (table 1) . These control subjects all worked in an outdoor environment similar to the harvesters but none of them used chain saws in their routine work. They were matched individually to the harvesters for age and smoking habit. Anyone with a history of trauma to the neck, trunk, or upper limbs or on medication with a significant cardiovascular action was excluded. The project had the approval of the local ethics committee and all subjects gave informed written consent.
FINGER BLOOD FLOW MEASUREMENTS
After a 30 minute equilibration period in a temperature controlled chamber maintained at 20 ± 0 20C, finger blood flow was measured in one finger of each hand by venous occlusion plethysmography with fluid filled plethysmographs."1 If the subject had symptoms in his fingers, measurements were made on his worst affected finger in each hand, otherwise the middle fingers were used. Corresponding fingers were studied in his matched control subject. Initially the local (KDG 2000) . The left hand was also supported at heart level but received no vibration. Both subjects and investigators wore hearing protection.
Finger blood flow was recorded during a two minute control period, during two minutes of vibration of the plate on which the right hand rested, and for five minutes afterwards. Blood flow was recorded for one minute at 10 and 15 minutes after stopping the vibration.
Six measurements of blood flow were made per minute. Results were calculated as the mean of 12 flows during a control period and the mean of six flows during each minute of vibration and recovery.
The vibration applied to the right hand was analysed by means of an accelerometer ( (table 3) . In the right (vibrated) hand this reduction continued through the second minute of vibration and for one minute after vibration ceased. In the left (non-vibrated) hand, the reduction in blood flow was less pronounced during the second minute of vibration and recovery was immediate when vibration ceased.
In the vibrated hands of the control subjects, finger blood flow was also significantly reduced during vibration, but recovery was immediate. In the non-vibrated hand, finger blood flow was only reduced during the first minute of vibration. Table 3 shows finger blood flow during and after vibration in the vibrated and nonvibrated fingers of both harvesters and controls with flow expressed as a percentage of the previbration flow. There was considerable variation in finger blood flow within each group of subjects. When the harvesters were directly compared with their matched control subjects, there was no significant difference in the resting previbration finger blood flow measurements, the patterns of response to whole hand vibration, or in the patterns of recovery. Frequency (Hz) Figure 3 Frequency spectrum recordedfrom the vibrating plate during an experiment. Figure 3 shows the frequency spectrum recorded from the plate during an experiment. The highest peaks occurred close to 4 kHz although there were also prominent peaks in the range 40-400 Hz. Nevertheless, the present study confirms that vibration white finger continues to be a problem in chain saw operators. Two of the 12 harvesters (17%) had overt vasospastic disease on testing and another three (25%) had an abnormal response to cooling. Until further follow up studies are completed, it will not be known if this abnormal response is an early indication of vasospastic disease. It might represent the lower end of the normal range of response. It was not seen in any of the control subjects in the present study, however, and has never been seen in any healthy control subjects studied in our laboratory.
VIBRATION ANALYSIS
Resting finger systolic pressure was similar in the chain saw operators and controls before testing for vasospasm. This is by contrast with previous findings that chain saw operators had significantly lower resting pressures than the healthy manual workers used as controls."
These authors postulated that chronic exposure to vibration was associated with obstructive changes in the digital arteries and hence reduction in resting finger systolic pressure. The small number of men investigated in the present study and the absence of any with advanced vibration white finger may account for the disparity in findings.
Because the harvesters all work in cold and exposed conditions during the winter, the controls were recruited from men who experienced similar working conditions. The only exclusion criteria for harvesters and controls were a history of injury that might have caused subsequent circulatory problems in the hands or treatment with therapeutic agents that might have interfered with normal vascular reactions. At the time of recruitment to the study, neither the harvesters nor potential control subjects were asked about the occurrence of vascular or neurological symptoms such as coldness, blanching, numbness, or tingling of the fingers. Such symptoms were detailed later at the time of the laboratory visit. This ensured that the two groups were selected in as unbiased a fashion as possible, the only exclusion criteria being a history of trauma or relevant medication.
Once recruited, four of the 12 control men subsequently described symptoms of coldness or numbness in their hands on cold exposure, but none of the 12 controls tested positive for vasospasm or showed an abnormal response to finger cooling in the laboratory.
Resting service did not permit a larger number of workers to be studied. It was only possible to study each man on one occasion, so the severity of vasospasm was tested in only one finger of each hand to allow time for the other measurements. Other techniques such as infrared thermography, which could have defined the extent of the phenomenon in each hand, were not available.
In the present study, the application of vibration to one hand caused reductions in finger blood flow in both hands in the harvesters and their matched healthy controls. Similar bilateral reductions in finger blood flow during unilateral hand vibration under laboratory conditions have previously been reported in vibration exposed workers and control subjects.8 1617 Single frequency vibration in the range 80-125 Hz was reported to be the most effective in provoking digital vasospasm suggesting that a central sympathetic reflex with excitation of the Pacinian corpuscles was involved. In the present experiments, the vibration was generated from a pneumatic air chisel to mimic more closely the complex vibration pattern associated with industrial tools. There was still no evidence that the finger blood flow response to vibration was altered in any way in the harvesters compared with their matched control subjects. Nor was the response either more or less pronounced in those men who had tested positive for vasospasm, thus confirming the findings of Olsen and Petring9 that the acute response to vibration is not altered in patients with vibration white finger.
Concentrations of vWFAg are raised in inflammatory and non-inflammatory vascular disease.'8 The similar concentrations in chain saw operators and their controls in the laboratory and the lack of significant alteration in the chain saw operators after a morning's work suggests that any chronic or acute injury to the endothelium must be minor. This contrasts with an earlier report that men occupationally exposed to hand-arm vibration had higher blood concentrations of vWFAg than controls.'0 It remains possible that accurate detection of changes may have been impeded by sampling from the antecubital site rather than a hand vein. There was no delay in collecting the blood samples after work in the field study as they were obtained as soon as the chain saw was laid down and vWFAg is a relatively stable substance. The most likely possibility is that the vibration exposure did not affect endothelial cell function sufficiently to alter release of vWFAg. These findings are in agreement with previous measurements in riveters.29 It is possible that measurement of other markers of endothelial perturbation such as adhesion molecules would be helpful as they reflect activation of cells rather than damage.
Thus it was possible to detect vasospasm in two of the 12 chain saw operators (17%) by objective testing. A further three men (25%) were identified whose abnormal result on testing may progress to full blown vasospastic disease in the future. No abnormalities were detected in the 12 matched control subjects. Neither measurements of finger blood flow nor of plasma concentrations of vWFAg seemed to be particularly helpful in diagnosing vibration white finger or in helping to elucidate underlying mechanisms in the condition.
